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mask with the chips attached thereto is then aligned to
a printed circuit (wiring) board having indica marks
thereon by viewing through the mask and moving the
chips and printed circuit board together until they
contact each other. A permanent adhesive layer holds
the chips to the printed circuit board. The temporary
adhesive layer is then dissolved and removed from the
chips.

17 Claims, 1 Drawing Sheet
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METHOD FOR PRECISION MULTICHIP
ASSEMBLY

FIELD OF INVENTION

This invention relates to circuit assembly and more
particularly to precise and reliable alignment of arrays
of semiconductor devices upon an interconnecting sub-
strate.

BACKGROUND OF THE INVENTION

Advances in semiconductor processing are leading to
smaller dimensions for each electronic function and
therefore a greater density of functions on each semi-
conductor chip. To further exploit the advantages of
increased density, such as: greater speed, lower power,
improved system reliability, and lower cost individual
chips are packaged and interconnected into chip arrays
upon a supporting substrate. These arrays perform such
functions as memory, processing, optical sensing, or
optical display. What the arrays all have in common is
the need for precise alignment of the features on each
chip to the coordinates of the substrate and/or each
other. The need for precision is particularly acute in
optical sensor and emitter arrays because the interrela-
tionship of the chips contributes to the electronic output
in image-processing applications. The difficuity in
aligning semiconductor chips for optical applications is
aggravated by chip geometry, which can range from a
square of about one mm on a side to more than 25 mm
on a side, and to a highly rectangular die with dimen-
sions up to 70 mm and an aspect ratio of up to 20:1.

Prior art methods of assembly rely on various me-
chanical positioning devices or optical alignment
schemes to precisely locate chips in a three-dimensional
x,y,Z coordinate array together with proper angular
orientation. Many of these approaches suffer from the
tolerance accumulation from (1) the accuracy of the
saw cuts which separate the chips from their wafer, (2)
the accuracy of the edges of mechanical templates
which hold the chips in an array, and (3) the movement
of the chips in the transfer operation to the intercon-
necting substrate. What is really needed is the alignment
of the pattern on each chip to the pattern on the sub-
strate or each other.

A series of advances have been made in the prior art
through the use of temporary supports to mechanically
align an array of chips. U.S. Pat. No.

4,766,670 (C. Gazdik et al) describes the use of a
flexible polyimide film to hold an array of chips which
are subsequently bonded, while being attached to the
polyimide film, to a rigid substrate which serves as a
heat sink. The precision with which an individual chip
remains in relationship to other chips in the array is
clearly limited by the dimensional stability of the or-
ganic polyimide film which changes with temperature
and humidity.

" In U.S. Pat. No. 4,375,126 (H. Dull, et al) a series of
magazines feed plate-shaped chips to locations upon a
transfer plate which correspond to the intended loca-
tions of the chips on a printed circuit board. In another
embodiment a calibration plate is placed between the
magazine ends and the transfer plate. The calibration
plate has openings corresponding to the shape and loca-
tion of the chips. It is movable in x and y directions and
thereby cooperates with the transfer plate in aligning
the array. There are necessary clearances in the open-
ings in the calibration plate to allow chips fed from the
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magazine ends to enter and to allow these chips to be
transferred to the printed board. These clearances limit
the precision of locating chips in an array.

U.S. Pat. No. 4,345,371 (M. Ohsawa, et al) teaches the
feeding of parts by magazines to cavities formed in the
upper surface of a mechanical template. An adhesive is
screened upon a printed wiring board at locations corre-
sponding to the part locations. Then the printed wiring
board is lowered, adhesive side down, upon the parts
which protrude from the cavities in the template. The
template-printed wiring board structure is then turned
over, the template is lifted away and the adhesive is
cured to hold the parts in place. The precision of loca-
tion is limited by the clearances needed by the parts for
entry into and egress of the parts from the cavities in the
template. There is also no opportunity to observe the
array in the turnover-transfer operation.

In U.S. Pat. No. 4,292,116 (T. Takahashi et al) the
temporary support is a vacuum plate which lifts chips
from a series of magazines which are arranged in the
same spatial relationship as the intended location of the
chips on a printed circuit board. The printed circuit
board, coated with an adhesive, is moved below the
parts which are held against the temporary support by
vacuum, and then the board and support are moved
together. The adhesive holds the chips to the board.
Pressure is applied to release the chips and the support
is removed In the Takahashi et al patent the tolerances
between the chips in the array can never be better than
the location of the magazines to each other. The density
with which chips can be arranged is also limited by the
wall thicknesses of adjacent magazines rather than by
the ability to interconnect the chips.

Another transfer plate is described in U.S. Pat. Nos.
4,070,229 and 3,982,979 (L. J. Hentz et al) in which
inverted, truncated pyramid shaped cavities are ma-
chined into a plate. Tubular members are centered in
each cavity, are adapted to slide vertically within the
cavities, and are resiliently supported by a vacuum
chamber. Beam leaded semiconductor devices are
placed on the ends of the tubular members. They are
centered in the cavity as the tubular members are low-
ered with a vertical oscillatory motion whicii causes the
devices to engage the walls of the cavity intermittently.
A substrate coated with an adhesive is placed over the
cavities and the tubular members are raised to press the
devices against the adhesive. The mechanical tolerances
in the edge of the device are added to the tolerances in
machining a tapered cavity. The density of the device
array is limited by the machinability of the tapered
cavities without causing warpage.

U.S. Pat. No. 3,859,723 (G. H. Hamer et al) teaches a
method for the simultaneous bonding of an array of
flip-chip semiconductor devices by placing each flip-
chip in an aperture in a metal template and by holding
the chips in place with a high-temperature adhesive tape
covering the back of the template. The template is regis-
tered over a substrate and thereafter the chips are
bonded by soldering or thermocompression bonding.
The tolerances between the various chips in the array
are dominated by the mechanical tolerances on the edge
of the chip and the clearances needed for passage of the
chip into and out of the template.

Optical means of chip alignment are also described in
the literature. In U.S. Pat. No. 4,675,993 (Y. Harada) a
vacuum fastener picks up an electronic component from
a tape reel, and an image sensor provides error signals to
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a numerical controller which positions a printed circuit
board below the component. Great precision is achiev-
able with numerical control, but the expense may not be
justified in all instances.

U.S. Pat. No. 4,222,036 (T. Troukens) describes a
method for positioning components on printed circuit
boards using a projection display system to indicate the
holes in the printed circuit board for the mounting of
particular components. This position-locating aid is
intended primarily for hand assembly.

A method of encapsulating coplanar microelectronic
components is described in U.S. Pat. No. 3,656,232 (J.
F. Hinchey) wherein a transparent mold plate contain-
ing gauge marks on its upper surface is coated with a
mold release compound or wax which also serves to
hold components placed on the mold plate from above.
The mold plate rests upon a mirror. An operator views
the gauge marks on the upper surface of the mold plate
and the component above the mold plate reflected by
the mirror at an angle to the vertical line of the chip
movement during placement. Interconnection is
achieved by casting an insulator around the components
on the mold plate, releasing the mold plate, and electri-
cally interconnecting the components. The parallax in
viewing the gauge marks and the component above the
marks at an angle impedes the rapid and accurate place-
ment of a component in a precision array.

It is desirable to have a method for placing and bond-
ing an array of semiconductor chips which are precisely
located with respect to each other in orthogonal x, y,
and z axes and also in angular orientation. It is also
advantageous to inspect the array before bonding to the
ultimate supporting member. Temporary supports for
the array in the method should not contribute to inaccu-
racies in location due to dimensional changes with tem-
perature and humidity. The packing density on the
ultimate supporting member should be limited only by
the constraints of interconnecting the chips, and not by
the placement method.

SUMMARY OF THE INVENTION

The present invention is directed to a method for
locating, bonding, and interconnecting arrays of semi-
conductor chips upon a support member with good
precision of location of the chips to the support member
and with respect to each other, reliability and yield. The
method employs a transparent support member which
may also be referred to as a mask. The mask carries
indicia on one surface which bear a relationship to the
final locations of the chips to each other and to the
support member (which may also be referred to as a
substrate, printed wiring board, or semiconductor wa-
fer) on which they are supported. An individual chip is
placed on a movable pedestal and held in place by vac-
uum. The pedestal carrying the chip is moved beneath
the mask and aligned to the indicia on the mask by
viewing through the mask from the upper surface oppo-
site the indicia. The viewing means may be a micro-
scope or video camera, and alignment in orthogonal
coordinates x, y, and z, and angular orientation, theta,
which angle is in the x-y plane is made by moving the
pedestal manually or by signal processing and numeri-
cal control methods which are known. After alignment
in x, y, and theta coordinates, the pedestal is raised in
the z direction until the upper surface of the chip
contacts a temporary adhesive on the bottom surface of
the mask. These steps are repeated until the whole array
is temporarily bonded to the bottom surface of the
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mask. An overall inspection of the placement of the
chips in the array may be made at this time.

A first support member (which may be denoted as a
substrate, printed wiring board, or semiconductor wa-
fer) is coated with a permanent adhesive, positioned
below the array of chips, and aligned to the array by
viewing through the transparent mask. When the align-
ment is complete the substrate is raised until the chips
contact the permanent adhesive. The permanent adhe-
sive is then cured and the mask is removed by soaking
the mask-substrate structure in a solvent or by exposing
to light to dissolve or decompose, respectively, the
temporary adhesive. The result is an array of chips lying
in a z-plane with very accurate placement in x, y, and
theta coordinates. The method places no restrictions on
the packing density of the chips since the pedestal can

" be made smaller than the chip’s outer dimensions. In-
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spection of the chip array prior to mass bonding the
chips to the substrate also contributes to overall reliabil-
ity and yield.

Viewed from another aspect, a method of the present
invention is directed to positioning an article on a first
support member having indica marks thereon. The
method comprises the steps of viewing from one surface
of a transparent second support member and through
the second support member the article which is sepa-
rated from a second surface of the second support mem-
ber; aligning the article with respect to second indica
marks on the second support member and coupling the
article by a first surface thereof to the second surface of
the second support member; viewing from the one sur-
face of the second support member, which now has the
article coupled thereto, the first indica marks on the first
support member; aligning the second support member
to the first indica marks and coupling the article by a
second surface thereof to the first support member; and
decoupling the second support member from the article.

These and other features and advantages of the inven-
tion will be better understood from consideration of the
following detailed description and claims taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional view of apparatus
useful for temporary attachment of an integrated circuit
(IC) chip to a temporary support member in accordance
with a method of the present invention;

FIG. 2 shows an array of IC chips attached to the
temporary support member of FIG. 1 prior to being
attached to a permanent support member in accordance
with the method of the present invention; and

FIG. 3 shows the array of IC chips attached to the
permanent support member in accordance with the
methods of the present invention.

The drawings are not to. scale.

DETAILED DESCRIPTION

Referring now to FIG. 1, there is shown apparatus
which is useful to implement a method in accordance
with the present invention. The apparatus comprises a
viewing means 110, a transparent temporary support
member 120 having first 121 and second 122 essentially
parallel and planar surfaces and a pedestal 160 having a
tip portion 161 and sidewalls 162 which define a cylin-
drical opening therethrough to the tip portion 161. In-
dica marks 130 adhere to portions of surface 121. Cou-

- pling means (e.g., a temporary adhesive layer) 140 ad-

heres to surface 121. An integrated circuit (IC) chip
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151, which has a top surface 152 with bonding pads 153
thereon and has a bottom surface 154, sits on top of the
tip portion 161 of pedestal 160 and is typically selec-
tively held in place by vacuum apparatus (not shown)
which selectively reduces the pressure in the opening
defined by sidewalls 162. Bottom surface 154 of chip
151 is to be permanently attached to a permanent sup-
port member 170 which is shown in FIGS. 2 and 3.

In various embodiments of the invention viewing
apparatus 110 may be a microscope or a video camera,
temporary support member 120 may be a planar, trais-
parent mask upon which indicia 130 have been formed
photolithographically, and coupling means 140 may be
a temporary adhesive which is applied over first surface
121 and indicia 130 by spinning, spraying, or dipping.
The viewing apparatus 110 may be a split or dual field
microscope. All of the preceding apparatus and meth-
ods of forming and using same are well known in the
art. The chip 151 is typically a semiconductor chip such
as an optical sensor chip, a light emitting diode chip, a
laser chip, a memory chip, a microprocessor chip, a
custom logic chip, etc. Pedestal 160 is adapted to move
in three orthogonal directions; x, y, and z; and to turn in
an angle, theta, which is in the x-y plane. s

The method of operation of the invention is as fol-
lows: an IC chip 151 is placed on the tip 161 of the
pedestal 160. A vacuum is applied through the opening
defined by sidewalls 162 so that the bottom surface 154
of the chip 151 is held to tip 161, The pedestal 160 and
the IC chip 151 are next moved near mask 120 and then
the indicia 130 are compared to the location of the IC
chip 151 by viewing with microscope 110 through
transparent mask 120 from a point beyond the second
surface 122 of transparent mask 120. As is shown by the
parallel vertical lines, the chip 151 is to be aligned be-
tween two adjacent indica marks 130.

In some applications which require very accurate
alignment of chips 151 to each other as well as to a
permanent support member 170 (see FIGS. 2 and 3), the
indica marks 130 are placed on transparent mask 120 at
locations which correspond to the bonding pads 153 or
other features or patterns (both not shown) on the top
surface 152 of chip 151.

Typically the plane of the mask 120 is an x-y plane
and that the z direction extends orthogonally from the
x-y plane toward the microscope 110. The relative posi-
tions of the indicia marks 130 and the chip 151 are noted
by a person (not shown) viewing through mask 120
with the aid of a microscope 110, or by a video camera
(not shown) which is coupled to signal processing
means (not shown) which are well known in the art.
Pedestal 160 is then moved by the human being or by
motors (not shown) which are controlled by said signal
processing means, so that the differences in coordinates
x, v, and theta between the indicia 130 and the chip 151
are acceptable small differences. The pedestal 160 is
next moved a small distance in the z direction until the
top surface 152 of the chip 151 contacts temporary
adhesive layer 140. The pressure in the opening defined
by sidewalls 162 is then raised so as to release the chip
151 from pedestal 160. Pedestal 160 is next moved away
from the chip 151 in the z direction. A second chip 151
(shown in FIGS. 2 and 3) is then placed on pedestal 160
and the above described method is used again to place
this second chip 151 onto the mask 120 at a preselected
portion thereof. A third chip 151 is then placed on to
the mask 140 in a preselected portion thereof in the
same manner as the previous two chips 151. The result
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6

is shown in FIG. 2. The chips 151 are thus placed on
and attached to a mask 140 and are accurately located
on the mask 140 and with respect to each other. Fewer
or more than three chips 151 may be attached to mask
120. Mechanical means (not shown) for controlling and
moving pedestal 160 are well known.

In another embodiment of the invention holes (not
shown) are provided in mask 120 passing from second
surface 122 to first surface 121. These said holes are
typically smaller than the outer dimensions of each chip
151. The holes are centered at the bonding sites of the
chips 151. When a chip 151 is brought into contact with
first surface 121 of mask 120, a temporary adhesive is
applied to the top surface 152 of the chip 151 through
each hole in the mask 120.

Referring now to FIG. 2, there are shown three chips
151 temporarily attached to the first surface 121 of
transparent of the mask 120 by the temporary adhesive
layer 140. The method of the invention continues with
a permanent support member (substrate, printed circuit
(wiring) board, semiconductor wafer) 170, which has a
top surface 171 on which indicia 180 and a permanent
coupling member (e.g., a permanent adhesive layer) 190
have been formed, being placed below mask 120 which
now holds three chips 151. The permanent support
member 170 can be coated with a permanent adhesive
layer 190 by screen printing, resin transfer, dispensing,
spinning, spraying or dipping. Permanent support mem-
ber 170 is then brought in proximity to mask 120 to
which the chips 151 are temporarily adhered. Second
indicia 180 and the chips 151 are observed by viewing
means 110 through transparent mask 120 from a point
beyond second surface 122. The relative position of the
chips 151 and second indicia 180 are noted by a person
(not shown) with the aid of viewing means 110, or by a
video camera (not shown) which is coupled to signal
processing means (not shown) which are well known in
the art. Permanent support member 170 is next moved
by a person or by motors (not shown) which are con-
trolled by the signal processing means, so that the dif-
ference in coordinates x, y, and theta between second
indicia 180 and the chips 151 are acceptable small differ-
ences. Support member 170 is next moved a small dis-
tance in the z direction until the second surfaces 152 of
the chips 151 are pressed into permanent adhesive layer
190.

The next step of the process is to cure permanent
adhesive layer 190, typically by the application of heat.
Mask 120 is then removed by soaking the mask 120 and
chips 151 in an appropriate solvent for the temporary
adhesive 140, or by decomposing temporary adhesive
140 by exposing it to optical energy (not indicated)
applied through transparent mask 120. Mask 120 may be
reused for other chips 151.

The net result of the use of the method of the present
invention is the permanent attachment of chips 151 at
desired locations on the permanent support member 170
and the accurate positioning of the chips 151 with re-
spect to each other. The accurate positioning of the
chips 151 with respect to each other is particularly
important when the chips 151 are optical chips which
are to receive external or internal light signals which
must be incident thereon or to emit light signals which
are to be incident upon chips 151 on the support perma-
nent member 170 or on light detectors not located on
permanent support member 170.

Referring now to FIG. 3, there is shown three IC
chips 151 permanently mounted to permanent support
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member 170. Support member 170 supports on the sur-
face 171 second indicia marks 180 and cured permanent
adhesive 190. IC chips 151 are typically imbedded into
and bonded by permanent adhesive 190. Surface 171
also has thereon conductors 181 and terminals 182
which serve to electrically interconnect the IC chips 51.
Said electrical interconnection may be made by solder-
. ing, thermocompression bonding, thermosonic or ultra-
sonic wire bonding, laser welding, conductive adhesive
bonding, or other methods which are known in the art,
terminals (contact pads) 153, which are provided on
surface 151 of each chip 151, and corresponding termi-
nals 182 on surface 171 of support member 170.
It is understood that the embodiments described
herein are merely illustrative of the general principles of
the invention. Various modifications are possible consis-
tent with the spirit of the invention. For example, a
variety of jigs and fixtures can hold, move, and align
pedestal 160 to predetermined locations on mask 120,
and control mechanisms may automatically change the
pressure in the opening defined by sidewalls 162 to hold
or release a chip 151. Similarly a variety of jigs and
fixtures can hold, move, align, and press together sup-
port member 170 and mask 120 to which IC chips 151
are adhered. Still further, a wide variety of electronic
components or other types of articles can be perma-
nently attached to a support member using the methods
of the present invention. Furthermore, the permanent
support member can be a semiconductor wafer. The
semiconductor wafer and the chips 151 can all be silicon
so as to match thermal characteristics of the wafer and
the chips 151.
What is claimed is:
1. A method for positioning an article on a first sup-
port member having first indica marks thereon compris-
ing the steps of:
viewing from one surface of a transparent second
support member and through the second support
member the article which is separated from a sec-
ond surface of the second support member;

aligning the article with respect to second indica
marks on the second support member and coupling
the article by a first surface thereof to the second
surface of the second support member;

viewing from the one surface of the second support

member, which now has the article coupled
thereto, the first indica marks on the first support
member;
aligning the second support member to the first indica
marks and coupling the article by a second surface
thereof to the first support member; and

decoupling the second support member from the
article.

2. The method of claim 1 wherein the coupling of the
article to the second support member is achieved by
contacting the first surface of the article to a first adhe-
sive layer on the second surface of the second support
member and the coupling of the article to the first sup-
port member is achieved by contacting the second sur-
face of the article to a second adhesive layer on the first
support member.

3. The method of claim 2 further comprising the steps
repeating the initial viewing and aligning steps so as to
couple one or more additional articles to the second
support member and then viewing and aligning all of
the articles relative to the first indica marks and cou-
pling all of the articles to the first support member.
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4. The method of claim 3 wherein the viewing steps
are done through a microscope.

5. The method of claim 3 wherein the viewing steps
are done through a television camera.

6. A method for locating an article on a first support
member comprising the steps of: .

placing a transparent second support member in prox-

imity to the article with a first surface of the article
facing and being separated from a first surface of
the second support member;

aligning the article using indica marks on the second

support member to a predetermined location on the
first surface of the second support member by
viewing the article from a second surface of the
second support member and through the second
support member;

coupling a first surface of the article to the first sur-

face of the second support member at the predeter-
mined location;

placing the second support member having the article

coupled thereto in proximity to the first support
member with a second surface of the article facing
the first support member;

aligning the second support member, which now

contains the article, using indica marks on the first
support member to a predetermined location on the
first support member by viewing through the sec-
ond support member from the second surface of
the second support member;

coupling a second surface of the article to the first

support member at the predetermined location; and
decoupling the second support member from the
article.

7. A method for placing a plurality of semiconductor
chips on a printed wiring board comprising the steps of:

marking a substantially planar, transparent mask with

indicia;

aligning each of a plurality of chips which are sepa-

rated from a first surface of the mask to the indicia
by viewing each chip and the indicia from a second
surface of the mask;

attaching a first surface of each chip to the first sur-

face of the mask;

repeating the previous two steps for each of the plu-

rality of chips;

aligning the mask which has the chips attached

thereto to the printed wiring board by viewing
through the mask;

attaching a second surface of each chip to the printed

circuit board;

releasing each of the chips from the mask; and remov-

ing the mask.

8. The method of claim 7 further comprising the steps
of:

applying a temporary adhesive to the mask such that

the chips which contact the mask become attached
to the mask; and

applying a permanent adhesive to the printed wiring

board such that the chips which contact the printed
wiring board become attached thereto.

9. The method of claim 8 wherein the aligning of the
articles to the mask is achieved by placing the chips on
a movable pedestal and moving the pedestal toward the
first surface of the mask until a first surface of each chip
is brought into physical contact with the temporary
adhesive;
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10. A method for placing a plurality of semiconduc-
tor optical chips on an interconnecting carrier compris-
ing the steps of:

marking a substantially planar, transparent mask with

indicia on a first surface of the mask;

applying a temporary adhesive to the mask;

" applying a permanent adhesive to the carrier;
holding each chip on a movable pedestal;

viewing each chip and the indicia through the mask

from a second surface of the mask;

aligning each chip to selected indicia on the mask;

moving the pedestal toward the first surface of the

mask until a first surface of each chip is brought
into physical contact with the temporary adhesive;
releasing each chip from the pedestal;

repeating the previous five steps for each of the plu-

rality of chips;

aligning the carrier relative to the mask;

moving the carrier toward the first surface of the

mask until the second surface of each chip is
brought into physical contact with the permanent
adhesive; and

releasing the bond between the first surface of each

chip and the mask.
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11. The method of claim 10 wherein some of the
semiconductor optical chips are semiconductor light
emitting diodes.

12. The method of claim 11 wherein some of the
semiconductor optical chips are semiconductor optical
Sensors.

13. The method of claim 10 further comprising the
steps of:

inspecting the planar and angular orientation of each

chip on the mask; and

electrically interconnecting terminals on the surfaces

of each chip to corresponding terminals on the
carrier.

14. The method of claim 13 wherein the method of
electrically interconnecting the terminals on the chips
to the terminals on the substrate may be selected from
adhesive bonding, soldering, thermocompression, ther-
mosonic or ultrasonic wire bonding, or laser welding.

15. The method of claim 10 wherein the step o releas-
ing the temporary bond between the first surface of the
chip and the mask is accomplished with the use of a
solvent which dissolves the temporary adhesive.

16. The method of claim 10 wherein the step of re-
leasing the temporary bond between the first surface of
the chip and the mask is accomplished with the use of
light energy to decompose the temporary adhesive.

17. The method of claim 10 wherein the permanent
adhesive is cured by applying heat thereto.

* * * * *



